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(54) Display and image displaying method

(57) A group of high order subfields and a group of
low order subfields are provided, at least one independ-
ent control subfield is provided in the group of low order
subfields and in other low order subfields, two lines are
simultaneously addressed using the same data. Here-
by, a display and an image displaying method wherein

an address control period is reduced, using this surplus
time, the luminance is enhanced, multiple gradations
are provided or a pseudo contour interference is re-
duced, the resolution information of a displayed image
is limited and synthetic image quality is enhanced are
provided.
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Description

[0001] The present invention relates to a display and
an image displaying method, particularly relates to a dis-
play and an image displaying method wherein gradation
representation is made in a subfield mode and data eve-
ry line is sequentially output and displayed in each sub-
field.
[0002] Recently, in place of a cathode ray tube (CRT)
display which has been used heretofore, a flat panel dis-
play using liquid crystal and plasma which is thin and
light, which has little distortion of the screen and is hard-
ly influenced by earth magnetism is used. Particularly,
a plasma display which has a large angle of visibility be-
cause of a spontaneous emission type and the large-
sized panel of which can be manufactured relatively
easily attracts attention as a display of a picture signal.
[0003] Generally, for a plasma display, as halftone
display between emission and non-radiation is difficult,
a method called a subfield mode is used to display a
halftone. In the subfield mode, the gradation of the lu-
minance of one field is represented by dividing the time
length of one field into plural subfields, allocating the
proper weight of emission to each subfield and control-
ling the emission and non-radiation of each subfield.
[0004] Currently, in an address-sustained separation
method which is a mainstream out of methods of a plas-
ma display, one subfield includes a control pulse for re-
spectively controlling a reset period for initializing a state
of a discharge cell, an address control period for con-
trolling the lighting and unlighting of the discharge cell
and a sustention period for determining the amount of
emission. These control pulses are not to be shorter
than predetermined time length to realize the stable con-
trol of emission.
[0005] In the address control period, as addressing is
performed based upon data for controlling lighting and
unlighting every line, more time is required because the
number of lines is increased for a high-resolution panel.
Therefore, there is a problem that the number of sub-
fields into which one field period can be divided is limited
and enough luminance is not acquired.
[0006] For example, to realize a high-definition panel
the vertical resolution of which is 1000 lines using a dis-
play panel requiring 2 µs. per line for address control
processing, an address control period of 2 ms. (= 2 µs.
x 1000 lines) per subfield is required. Generally, approx-
imately 256 gradations (8 bits) are required to display a
picture signal without deteriorating it, however, to divide
one field period of approximately 16.6 ms. into eight sub-
fields, time is hardly allocated to the sustention period.
There is a problem that as most of one field period is
allocated to an address control period every subfield as
described above, the sustention period which contrib-
utes to panel emission cannot be secured enough.
[0007] In case the number of subfields is limited, for
example in case the number of subfields is limited to 6
subfields (64 gradations), enough gradation cannot be

represented and it is difficult to realize a high quality dis-
play.
[0008] Further, for a problem proper to gradation dis-
play according to the subfield mode, there is pseudo
contour interference which deteriorates the quality of a
dynamic image. To reduce this pseudo contour interfer-
ence, a method of increasing the number of subfields
and controlling the distribution of emission and the cen-
troid of emission respectively in one field is used. As the
more the number of subfields is, the more controllable
emission patterns are in case the number of represent-
able gradations is the same, the effect of reducing pseu-
do contour interference increases. Therefore, there is a
problem that incase enough subfields are not acquired,
the quality of a dynamic image when it is displayed is
remarkably deteriorated by this pseudo contour interfer-
ence.
[0009] In a conventional type display, it is basically re-
garded as important that an input signal is faithfully dis-
played and a method of acquiring high quality in consid-
eration of the characteristic of a human visual sense
such as dither for compensating the shortage of grada-
tions, error diffusion processing and the control of aver-
age luminance is also partly used, however, the control
of the amplitude of a signal is main.
[0010] For well-known technique, in JP-A No.
H11-24628, "GRADATION DISPLAY METHOD OF
PLASMA DISPLAY PANEL", a method of reducing ad-
dress control time by interlaced scanning in a subfield
equivalent to a low order bit and a method of simultane-
ously selecting two scanning electrodes and writing in
place of interlaced scanning are disclosed, however, a
concrete method of generating a signal is not disclosed.
[0011] Each line of a picture signal is data sampled in
a vertical direction of one screen and when sampled da-
ta is thinned out by interlaced scanning, vertical resolu-
tion is required to be reduced by half beforehand to re-
duce folding interference. Hereby, vertical resolution is
reduced by half and an image is displayed in low reso-
lution.
[0012] It is known that in case sampled data is thinned
out without reducing vertical resolution by half before-
hand, a high frequency component of a signal is con-
verted to a low frequency by folding interference and the
image quality is greatly deteriorated.
[0013] The object of the invention is to provide a dis-
play and an image displaying method wherein the
amount of the information of the resolution of an dis-
played image is limited if necessary positively utilizing
the characteristic of a human visual sense and the sta-
tistical property of a picture signal and the synthetic im-
age quality is enhanced.
[0014] Another object of the invention is to provide a
high-resolution display and an image displaying method
wherein subfields of the enough number are secured by
improving total address control periods which account
for the time of a field and gradation representation, a
measure against pseudo contour interference and fur-
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ther, the realization of high-luminance display are imple-
mented.
[0015] The invention adopts the following methods to
solve the above-mentioned problems.
[0016] Address control periods are reduced by simul-
taneously performing addressing for two lines based up-
on the same data in a predetermined subfield and the
time is allocated to the improvement of image quality in
luminance, gradation and a pseudo contour.
[0017] Addressing every line is performed in high or-
der subfields including the most significant subfield as
in prior art and simultaneous addressing for two lines
based upon the same data is performed in a group of
low order subfields to which relatively small weight of
emission is allocated.
[0018] Further, a subfield in which addressing inde-
pendent every line is performed as in prior art is provided
to a part of the group of low order subfields.
[0019] Display resolution information in units of sub-
field is limited by dividing an input picture signal into ver-
tical frequency components and selectively synthesiz-
ing them again.
[0020] Further, in case a subfield in which addressing
is simultaneously performed for two lines based upon
the same data exists, the average value for two lines of
a display signal is possibly equalized to the average val-
ue for two lines of an input signal.
[0021] IN THE DRAWINGS:

Fig. 1 is a schematic drawing showing the layout of
discharge cells and electrodes of an AC3 electrode-
type plasma display;
Fig. 2 shows waveforms of voltage applied to a Y
sustaining electrode and an address electrode in an
address control period;
Fig. 3 is a schematic drawing showing field config-
uration in case one field is constituted of five sub-
fields;
Fig. 4 is a schematic drawing showing an embodi-
ment of field configuration according to the inven-
tion that one field is constituted of plural subfields;
Fig. 5 is a schematic drawing showing another em-
bodiment of field configuration according to the in-
vention that one field is constituted of plural sub-
fields;
Fig. 6 is a waveform illustration showing an embod-
iment of voltage applied to the Y sustaining elec-
trode and the address electrode in the address con-
trol period;
Fig. 7 is a block diagram showing an embodiment
of a display according to the invention;
Fig. 8 is a block diagram showing an embodiment
of a control bit smoothing circuit shown in Fig. 7;
Fig. 9 is a block diagram showing an embodiment
of a processing circuit shown in Fig. 8;
Figs. 10 show a state of a bit of a signal respectively
output to terminals O1, O2. Q1 and Q2 shown in
Fig. 9;

Figs. 11 are explanatory drawings for explaining the
principle of reducing the deterioration of image
quality by an added independent bit;
Fig. 12 is a block diagram showing an embodiment
of an independent bit adding circuit shown in Fig. 9;
Fig. 13 shows the logical operation of the independ-
ent bit adding circuit;
Fig. 14 is a block diagram showing an embodiment
of a low order bit processing circuit shown in Fig.
12; and
Fig. 15 shows the logical operation of the independ-
ent bit adding circuit.

[0022] Referring to the drawings, embodiments of the
invention will be described below.
[0023] Fig. 1 is a schematic drawing showing the lay-
out of discharge cells and electrodes of an AC3 elec-
trode-type plasma display.
[0024] As shown in Fig. 1, reference numbers 5101,
5102, 5103 and 5104 denote an X sustaining electrode,
5201, 5202, 5203 and 5204 denote a Y sustaining elec-
trode and 5300 and 5301 denote an address electrode.
Each address electrode 5300, 5301 is formed on a rear
plate, the X sustaining electrodes 5101 to 5104 and the
Y sustaining electrodes 5201 to 5204 are formed on a
front plate, and a picture element is formed in the inter-
section of a pair of the X sustaining electrode and the Y
sustaining electrode and the address electrode. Picture
elements 5410, 5411, 5620, 5421, 5430, 5431, 5440
and 5441 are formed by discharge between these elec-
trodes on a panel as shown in Fig. 1.
[0025] Control over lighting and unlighting every line
will be described below using voltage applied to the Y
sustaining electrodes 5201 to 5204 and the address
electrodes 5300 and 5301 in an address control period
according to prior art shown in Fig. 2 for comparing with
the invention.
[0026] Fig. 2 shows the waveforms of voltage applied
to the Y sustaining electrode and the address electrode
in the address control period. As shown in Fig. 2, a scan
pulse is applied in the order of the Y1 sustaining elec-
trode 5201, the Y2 sustaining electrode 5202, the Y3
sustaining electrode 5203 and the Y4 sustaining elec-
trode 5204 and an address pulse for controlling lighting
and unlighting every line is applied to the A0 address
electrode 5300 and the A1 address electrode 5301.
[0027] As a scan pulse is applied to the Y1 sustaining
electrode 5201 at time 11, the lighting and unlighting of
the picture elements 5410 and 5411 on a first line are
controlled. In this example, as address voltage is ap-
plied to both the A0 address electrode 5300 and the A1
address electrode 5301, address discharge is caused
between the A0 address electrode 5300 and the Y1 sus-
taining electrode 5201 and between the A1 address
electrode 5301 and the Y1 sustaining electrode 5201
and a wall charge is generated so that emission is im-
plemented in the succeeding sustention period. Herein-
after, addressing in which the lighting and unlighting of
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the picture elements 5420 and 5421 on a second line,
the picture elements 5430 and 5431 on a third line and
the picture elements 5440 and 5441 on a fourth line is
controlled is respectively performed at time T2, T3 and
T4. A wall charge in a cell is generated by such address-
ing every line if necessary and emission is controlled in
the succeeding sustention period.
[0028] Field configuration that one field is constituted
of five subfields (SF1, SF2, SF3, SF4, SF5) according
to the prior art shown in Fig. 2 for comparing with the
invention will be described below.
[0029] Fig. 3 is a schematic drawing showing field
configuration in case one field is constituted of five sub-
fields. As shown in Fig. 3, a reference number 10 de-
notes a rest period for initializing a state of a discharge
cell in each subfield, 20 denotes an address control pe-
riod for controlling the lighting and unlighting of each pic-
ture element in each subfield and 31, 32, 33, 34 and 35
denote a sustention period in which the amount of emis-
sion in respective subfields is determined. In these sus-
tention periods 31 to 35, emission according to the
number of sustaining pulses is made in a discharge cell
in which a wall charge is generated in the address con-
trol period 20 so that emission is possible. In a subfield
mode, to realize gradation representation, the weight of
emission corresponding to each subfield is allocated to
each subfield SF1 to SF5. In an example shown in Fig.
3, the number of sustaining pulses in the sustention pe-
riods 31, 32, 33, 34 and 35 of each subfield SF1 to SF5
is approximately 16:8:4:2:1. Hereby, gradations from a
gradation 0 at which no emission is made in any of sub-
fields SF1 to SF5 to a gradation 31 (= 16 + 8 + 4 + 2 +
1) at which emission is made in all subfields SF1 to SF5
can be represented. As the displayable maximum lumi-
nance (the gradation 31) is determined by the total of
sustaining pulses in the sustention periods 31, 32, 33,
34 and 35 of the subfields SF1 to SF5, the luminance
cannot be secured enough and satisfactory image qual-
ity cannot be acquired when time which does not con-
tribute to emission such as the address control period
20 in one field is long. The address control period 20
requires time proportional to the number of displayed
lines and one address control period is required for one
field. Therefore, in case a high-resolution display panel
is to be realized, there is a problem that subfields of the
enough number cannot be secured, the number of dis-
play gradations is short and the luminance and image
quality are deteriorated.
[0030] Fig. 4 is a schematic drawing showing an em-
bodiment of field configuration according to the inven-
tion that one field is constituted of plural subfields and
shows field configuration that the address control peri-
ods in SF2, SF4 and SF5 having relatively small weight
of emission of the subfields SF1 to SF5 are set to half
length, compared with the conventional type field con-
figuration shown in Fig. 3. The address control periods
in SF1 and SF3 are the same as the conventional type
address control periods shown in Fig. 3.

[0031] As shown in Fig. 4, reference numbers 21a to
21c denote address control periods which in the sub-
fields SF2, SF4 and SF5 are set to half length, compared
with those shown in Fig. 3. The configuration of the other
is equal to that of the same reference number shown in
Fig. 3. In the subfields SF1 and SF3, as shown in Fig.
3, a discharge cell is initialized in the reset period 10,
and lighted picture elements and unlighted picture ele-
ments are selected every line in the address control pe-
riod 20. In the sustention periods 31 and 33, the picture
elements selected in the address control periods 20 are
emitted according to respective weight of emission. The
address control periods 21 respectively following the re-
set periods 10 in the subfields SF2, SF4 and SF5 are
reduced by the thinning out of data as a result of simul-
taneously performing addressing for adjacent two lines
and address control processing is executed by half time
per line.
[0032] Referring to Fig. 6, processing for simultane-
ously controlling the lighting and unlighting of the Y sus-
taining electrodes for two lines and reducing the address
control period up to a half will be described below.
[0033] Fig. 6 is a waveform illustration showing one
embodiment of voltage applied to the Y sustaining elec-
trode and the address electrode in the address control
period of the display according to the invention. As
shown in Fig. 6, addressing is simultaneously performed
for two lines based upon the same data by simultane-
ously applying a scan pulse to the Y1 sustaining elec-
trode 5201 and the Y2 sustaining electrode 5202. Next
to the Y1 sustaining electrode 5201 and the Y2 sustain-
ing electrode 5202, the Y3 sustaining electrode 5203
and the Y4 sustaining electrode 5204 are simultaneous-
ly processed. Time required for scanning total lines on
one screen can be reduced up to a half by simultane-
ously applying a scan pulse to two lines and performing
addressing as described above.
[0034] In the example shown in Fig. 4, addressing is
simultaneously performed for two lines, however, the in-
vention is not limited to two lines, three lines or four lines
may be also simultaneously processed and at this time,
required address time can be reduced up to 1/3 or 1/4.
[0035] The invention is characterized in that subfields
are divided into a group of high order subfields including
the most significant subfield and a group of low order
subfields except them, for the group of high order sub-
fields, addressing is performed every line as in the prior
art and for the group of low order subfields to which rel-
atively small weight of emission is allocated, an address
processing period is reduced up to a half. Further, for
one subfield in the group of the low order subfields, as
an independent control subfield, addressing is per-
formed every line as in the prior art.
[0036] In the embodiment shown in Fig. 4, the group
of the high order subfields includes SF1, the group of
low order subfields includes SF2, SF3, SF4 and SF5
and the independent control subfield is SF3. The group
of high order subfields means high order subfields in-
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cluding the most significant subfield, SF1 and SF2 may
be also included in the group of high order subfields and
in this case, the group of low order subfields includes
SF3, SF4 and SF5. Any subfield in the group of low order
subfields except the subfield to which the largest weight
of emission is allocated is set to the independent control
subfield. For example, SF4 or SF5 can be set to the in-
dependent control subfield. In case any subfield to
which the largest weight of emission is allocated in the
group of low order subfields is set to the independent
control subfield, subfields up to this independent control
subfield can be regarded as high order subfields and
this case is similar to a case that there is no independent
control subfield in the low order subfields.
[0037] The configuration that three or four lines are
simultaneously processed and the address processing
period is reduced up to 1/3 to 1/4 may be also adopted
except the configuration that the address processing pe-
riod is reduced to a half by simultaneously processing
two lines.
[0038] The vertical resolution information of low order
subfields to which small weight of emission is allocated
is lost by simultaneously processing plural lines in the
low order subfields as described above, however, a flat
part of an image can be smoothly displayed substantial-
ly without a problem. As a signal of an edge is repro-
duced in the high order subfields to which large weight
of emission is allocated, the deterioration of image qual-
ity is hardly caused and high-luminance image display
is implemented.
[0039] The details are described later, however, dis-
play in which the deterioration of image quality is small
is also implemented in an area in which a signal level
gently varies by newly providing an independent control
subfield characterized by the invention.
[0040] As described above, an address control period
which does not directly contribute to emission in one
field is reduced by simultaneously controlling addresses
on plural lines in a specific subfield, a period equivalent
to the quantity is allocated to the sustention periods 31,
32, 33, 34 and 35 and the luminance of the screen can
be enhanced. A new subfield can be also added utilizing
excess time produced by the reduced address period
so as to enhance image quality.
[0041] Fig. 5 is a schematic drawing showing another
embodiment of the field configuration according to the
invention that one field is constituted of plural subfields
and shows configuration that a subfield SF6 is increased
keeping the maximum luminance (sum of sustention pe-
riods of each SF) similar, compared with the convention-
al type field configuration shown in Fig. 3. As shown in
Fig. 5, reference numbers 21d and 21f denote an ad-
dress control period set to a half, compared with the ad-
dress control periods of the subfields SF3, SF5 and SF6
shown in Fig. 3 and 36 denotes a sustention period of
the added subfield SF6. The other configuration corre-
sponds to the configuration of the same reference
number shown in Fig. 3.

[0042] As shown in Fig. 5, in subfields SF1, SF2 and
SF4, a discharge cell is initialized in a reset period 10,
and lighted picture elements and unlighted picture ele-
ments are selected every line in the address control pe-
riod 20 as in the case shown in Fig. 3. In sustention pe-
riods 31, 32 and 34, the picture elements selected in the
address control period are emitted according to respec-
tive weight of emission.
[0043] In the subfields SF3, SF5 and SF6, in the ad-
dress control period 21 following the reset period 10, ad-
dressing is performed in half time by simultaneously per-
forming addressing for two lines and the control of light-
ing and unlighting is made by equal data by two lines.
In the succeeding sustention periods 33, 35 and 36,
emission is made on the line selected in the addressing.
That is, a group of high order subfields includes SF1 and
SF2, a group of low order subfields includes SF3, SF4,
SF5 and SF6 and an independent control subfield is
SF4.
[0044] As described above, according to this embod-
iment, one field period can include the six subfields SF1
to SF6 by reducing each address control period 21 of
the subfields SF3, SF5 and SF6 up to a half. Sixty-four
gradations can be displayed by setting the emission ra-
tio of these sustention periods 31, 32, 33, 34, 35 and 36
to 32:16:8:4:2:1. In this embodiment, as the address
control periods of the subfields SF3, SF5 and SF6 can
be processed in half time though the address period and
the reset period of the subfield SF6 are newly increased,
the total of all sustention periods in one field period can
be substantially equal to that in the conventional type
configuration shown in Fig. 3. Hereby, in this embodi-
ment, the number of displayed gradations can be in-
creased in a state in which luminance substantially
equal to that in the conventional type method is kept and
the high-quality display can be realized.
[0045] In this embodiment, as a signal of an edge re-
quiring much information though the frequency is low
can be correctly represented by independently control-
ling the high order subfields including the most signifi-
cant subfield every line, the deterioration of image qual-
ity caused by reducing address control periods can be
reduced as a whole. When this is applied to a case of
high gradation representation, SF1 to SF3 have only to
be set to a group of high order subfields, SF4 to SF8
have only to be set to a group of low order subfields and
SF5 has only to be set to an independent control subfield
in eight subfields which can be represented at 256 gra-
dations for example SF1 to SF8 having the emission ra-
tion of 128:64:32:16:8:4:2:1. That is, the same data has
only to be displayed for two lines in the subfields SF4,
SF6, SF7 and SF8 and address processing has only to
be performed every line in the high order subfields SF1,
SF2 and SF3 including the most significant subfield in
addition to the independent control subfield SF5 as in
the prior art.
[0046] For an applied example of this embodiment, a
display mode the luminance of which is low though the

7 8



EP 1 193 672 A2

6

5

10

15

20

25

30

35

40

45

50

55

mode has high resolution in which no reduction is made
in the address control period if necessary and a display
mode the luminance of which is high though the mode
has low resolution in which the address control periods
of more subfields are reduced may be also switched if
necessary. For example, when the display is used for a
monitor of a computer, high-resolution display in which
no address control period is reduced is made, when a
picture signal is displayed, the same data is displayed
for two lines in the two subfields SF5 and SF6 out of the
eight subfields SF1 to SF8 and the two modes may be
also switched to enable high-luminance display.
[0047] Furthermore, a range of the adjustment of the
luminance may be also expanded by increasing sub-
fields by the mode in which address control periods of
two subfields are reduced and the reduction of address
control periods of three subfields or the reduction of ad-
dress control periods of four or five subfields according
to the luminance of the periphery of the display, user
setting and a level of a picture signal.
[0048] As a result of examining that an image the de-
terioration of the quality of which is small can be dis-
played if to which subfield of eight subfields that enable
the representation of 256 gradations address compres-
sion is applied based upon the results of subjective eval-
uation experiments using computer simulation, the fol-
lowing result is acquired.

Number of subfields to which address compression
is applied: 1 [0, 0, 0, 0, 0, 0, 0, 1]
Number of subfields to which address compression
is applied: 2 [0, 0, 0, 0, 0, 0, 1, 1]
Number of subfields to which address compression
is applied: 3 [0, 0, 0, 0, 0, 1, 1, 1]
Number of subfields to which address compression
is applied: 4 [0, 0, 0, 1, 0, 1, 1, 1]
Number of subfields to which address compression
is applied: 5 [0, 0, 1, 0, 1, 1, 1, 1]
Number of subfields to which address compression
is applied: 6 [0, 1, 1, 0, 1, 1, 1, 1]
Number of subfields to which address compression
is applied: 7 [1, 1, 1, 0, 1, 1, 1, 1]

[0049] In representation shown above, a part on the
left side denotes high order subfields corresponding to
most significant bits (MSB), a part on the right side de-
notes low order subfields corresponding to least signif-
icant bits (LSB), a subfield in which address time is re-
duced by two-line simultaneous address is shown by '1'
and a subfield in which display is made depending upon
an address in normal units of line is shown by '0'. That
is, in case the subfields are shown in the order of SF1,
SF2, SF3, ---, SF8 from the left, address time is reduced
in SF3, SF5, SF6, SF7 and SF8 if the number of sub-
fields to which address compression is applied is 5.
[0050] To realize the above-mentioned case that the
number of subfields to which address compression is
applied is 4 [0, 0, 0, 1, 0, 1, 1, 1], high order three sub-

fields SF1 to SF3 have only to be set to a group of high
order subfields, low order five subfields SF4 to SF8 have
only to be set to a group of low order subfields and a
fourth subfield SF5 from the least significant bit has only
to be set to an independent control subfield.
[0051] Similarly, to realize the above-mentioned case
that the number of subfields to which address compres-
sion is applied is 6 [0, 1, 1, 0, 1, 1, 1, 1], high order one
subfield SF1 has only to be set to a group of high order
subfields, low order seven subfields SF2 to SF8 have
only to be set to a group of low order subfields and a
fifth subfield SF4 from the least significant bit has only
to be set to an independent control subfield.
[0052] It is verified based upon subjective evaluation
experiments that display having satisfactory image
quality is implemented by setting a subfield equivalent
to a fourth or fifth bit from the least significant bit to an
independent control subfield and this phenomenon can
be also explained by a character of the following image.
It is known that in the case of a general natural image,
the amplitude distribution of difference information of
adjacent picture elements, that is, difference between
the amplitudes of upper and lower adjacent two picture
elements is plus distribution. This shows a characteristic
that the frequency of a small amplitude in the vicinity of
zero is extremely high and the frequency of difference
information related to a large amplitude is small. That
is, it is shown that in the case of upper and lower adja-
cent two picture elements, difference between the two
picture elements is often zero (at the same level) or is
often slight. However, generally, in a flat part in which a
signal at a level in a predetermined range continues,
even if very slight difference in a level is made between
adjacent two picture elements, the difference is not vis-
ually recognized and hardly becomes large disturbance.
In the meantime, in case the whole screen shows gentle
variation, difference in a level of small amplitude to be
recognized properly becomes zero by low order bit data
commonizing processing, is recognized as the pairing
of lines (difference in a level between two lines) and be-
comes disturbance. Then, the deterioration of image
quality can be effectively improved by reproducing dif-
ference of small amplitude in the vicinity of a level at
which difference in a level starts to be striking. Actually,
when two-line simultaneous addressing is performed to
a subfield equivalent to a fourth or fifth bit in case sub-
fields which are simultaneously addressed based upon
the same data for two lines are gradually increased from
a subfield equivalent to the least significant bit, it is ver-
ified from subjective evaluation experiments that line
pairing and difference in a level become remarkable be-
cause signal levels of two lines become substantially
equal in an area such as a human skin in which a level
gently varies.
[0053] Then, the deterioration of image quality can be
greatly reduced by representing a difference component
of small amplitude using an independent subfield. As
described above, this independent subfield has the ef-
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fect of reducing a display error even if the independent
subfield is a subfield having small weight of emission,
however, even if original minute difference in a level can
be represented without an error, the visual effect of im-
provement is low. Therefore, a striking error of small am-
plitude can be reduced by independently controlling a
subfield equivalent to a fourth or fifth bit from the least
significant bit and satisfactory image quality display is
implemented.
[0054] When a display mode that no address control
period is reduced if necessary and a display mode that
the address control periods of more subfields are re-
duced can be switched if necessary, the position of the
added independent subfield may be also varied accord-
ing to the number of reduced subfields. A subfield which
is not reduced in any setting and which can be controlled
in units of line can be suitably arranged by this and dis-
play of high image quality is implemented.
[0055] Next, referring to Fig. 7, the configuration of the
display to which subfield configuration in each embodi-
ment described above is applied will be described.
[0056] Fig. 7 is a block diagram showing an embodi-
ment of the display according to the invention.
[0057] As shown in Fig. 7, reference numbers 101,
102 and 103 denote A/D converters that respectively
convert any analog picture signal of R, G, B to a digital
signal, 2 denotes a subfield converting circuit that con-
verts a binary digital signal converted from analog to dig-
ital to subfield data showing the lighting and unlighting
of a subfield, 20 denotes a control bit smoothing circuit
which is provided inside the subfield converting circuit
2 and which executes the smoothing processing of a
control bit corresponding to a subfield the address con-
trol period of which is reduced by two-line simultaneous
addressing, 3 denotes a subfield sequent conversion
circuit that converts subfield data generated in units of
picture element to a plane-sequent form in units of sub-
field, 301 denotes a frame memory provided to the sub-
field sequent conversion circuit 3 for realizing plane se-
quence in units of bit, 4 denotes a driving circuit that
adds a pulse required for driving to a signal converted
to a format of plane sequence in units of subfield and
converts it to voltage (or current) for driving the display,
5 denotes a display panel on which gradation represen-
tation is made in the subfield mode and 6 denotes a con-
trol circuit that generates a control signal required for
each block based upon a dot clock CK which is timing
information of an input picture signal, a horizontal syn-
chronizing signal H, a vertical synchronizing signal V
and others.
[0058] Each input signal of R, G, B is converted to a
digital signal by the A/D converters 101, 102 and 103.
This digital signal complies with general binary notation
and each bit has the weight of power of 2. Concretely,
when an 8-bit signal of b0, b1, ---, b6, b7 is quantized,
the least significant bit b0 has the weight of 1, b1 has
the weight of 2, b2 has the weight of 4, b3 has the weight
of 8, ---, and b7 has the weight of 128. The digital signal

is converted to subfield data showing the lighting and
unlighting of a subfield in the subfield converting circuit
2.
[0059] This subfield data is constituted of information
having the number of bits corresponding to the number
of subfields for display and when display is made by
eight subfields, a signal is constituted of eight bits of S0,
S1, ---, S7. Further, a bit S0 shows whether the picture
element emits in an emission period of the leading sub-
field SF1 or not and similarly, S1 and S2 correspond to
the lighting and unlighting of the subfields SF2 and SF3.
[0060] Further, in a control bit smoothing circuit 200,
the smoothing processing of a control bit corresponding
to a subfield an address control period of which is com-
pressed is executed. This is processing for converting
so that the corresponding control bit is the same data
as subfield data on the upside by one line or subfield
data under on the downside by one line to be a pair for
two-line simultaneous addressing using the same con-
trol bit. The subfield control bit smoothing processing
will be described later.
[0061] Next, the subfield data is input to the subfield
sequent conversion circuit 3 and is written to the frame
memory 301 provided inside the subfield sequent con-
version circuit 3 in units of picture element. Reading
from the frame memory 301 is performed according to
plane sequence in units of subfield. That is, after the bit
S0 showing whether emission occurs in the subfield SF1
or not is read for one field, the bit S1 showing whether
emission occurs in the subfield SF2 or not is read, here-
inafter, bits are read in the order of S2, S3, ---, S7 and
each subfield is constituted by outputting them as ad-
dress data. At this time, in a subfield the address control
period of which is compressed, one of two lines is
thinned out and the data of a half of lines is read as ad-
dress data. Afterward, the conversion of a signal re-
quired for driving the display and the insertion of a pulse
are performed in the driving circuit 4 and a matrix display
panel 5 is driven.
[0062] A scan pulse output together with address data
of the address control period is output at timing shown
in Fig. 2 in a subfield in which addressing is performed
in units of normal line and is output at timing shown in
Fig. 6 in a subfield in which addressing is simultaneously
performed for two lines and the control period is com-
pressed. Fig. 6 shows the waveforms of voltage applied
to the Y sustaining electrode and the address electrode
in the address control period.
[0063] The address control period of a predetermined
subfield can be reduced by configuring as described
above and the display of high image quality can be re-
alized by allocating surplus time produced by the reduc-
tion of the address control period to the sustention pe-
riod so as to enhance the luminance, increasing the
number of displayed gradations by increasing the
number of subfields and enhancing resistance to pseu-
do contour interference. All data is written to the frame
data 301 and when the address control period is com-

11 12



EP 1 193 672 A2

8

5

10

15

20

25

30

35

40

45

50

55

pressed in reading, one of two lines is thinned out, how-
ever, one of two lines may be also thinned out in writing.
Hereby, memory capacity can be reduced and even if
the memory has the same capacity, high-resolution or
multiple-gradation display is implemented.
[0064] In case processing for reducing pseudo con-
tour interference is executed by increasing the number
of subfields or allocating the weight of emission different
from the power of 2, conversion from an input picture
signal level to a subfield emission pattern is made in the
subfield converting circuit 2. For example, in case an
8-bit input picture signal is displayed in ten subfields,
conversion from the 8-bit input signal to 10-bit subfield
data is made in a combinational logic circuit or using a
lookup table.
[0065] Next, referring to Fig. 8, the configuration of the
control bit smoothing circuit 200 will be described.
[0066] Fig. 8 is a block diagram showing an embodi-
ment of the control bit smoothing circuit shown in Fig. 7.
[0067] As shown in Fig. 8, a reference number 201
denotes a line memory for delaying subfield data by one
line, 202 denotes a processing circuit that converts so
that bit data specified by a control signal CB is equal to
two inputs P1 and P2 and outputs Q1 and Q2, 203 de-
notes a line memory for delaying the output Q1 of the
processing circuit 202 by one line and 204 denotes a
switching circuit that switches two inputs a and b in units
of line and outputs it.
[0068] Subfield data S in which the lighting and un-
lighting of each subfield are related to bit data is input
to the line memory 201 and the input terminal P1 of the
processing circuit 202. Conversion is made based upon
the subfield data delayed by one line in the line memory
201 is input to the input terminal P2 of the processing
circuit 202. In the processing circuit 202, conversion is
made based upon the subfield data from the input ter-
minal P1 and the subfield data delayed by one line from
the input terminal P2 so that predetermined bit data is
equal to the subfield data of upper and lower adjacent
two picture elements on the current line and a line on
the upside by one line. The subfield data to which such
conversion is applied are output from the processing cir-
cuit 202 as outputs Q1 and Q2. As the outputs Q1 and
Q2 of the processing circuit 202 are the subfield data of
picture elements vertically adjacent on the screen, they
can be converted to subfield data D in which predeter-
mined bit data has the same value on two lines by de-
laying the output Q1 by one line in the line memory 203,
switching the switching circuit 204 every line and se-
quencing signals of two lines.
[0069] The position of a bit processed in the process-
ing circuit 202 to be equal bit data is determined accord-
ing to the control signal CB and it can be set the address
control period of which subfield is reduced. Setting in
case no reduction of the address control period is per-
formed is also made according to the control signal CB
and at this time, the processing circuit 202 outputs input
P1 as output Q1 as it is and outputs input P2 as output

Q2 as it is.
[0070] In the above description related to Fig. 8, the
subfield data S in which the lighting and unlighting of
each subfield are related to bit data is input to the line
memory 201 and the input terminal P1 of the processing
circuit 202, however, a signal S of a natural binary
number is input from the A/D converter, is processed so
that bit data equivalent to a desired subfield is equal on
adjacent two lines and the output D of the control bit
smoothing circuit 200 may be also converted to a sub-
field emission control signal showing the lighting and un-
lighting of each subfield. For the simplest configuration
of the processing circuit 202, predetermined bit data of
input P1 is output as bit data at the same position of
input P2 as it is. Hereby, both bit data can be equal. Or
conversely, predetermined bit data of input P2 may be
also output as bit data at the same position of input P1.
Either method may be also selected to reduce an error
with an input signal. In configuration except this, it has
only to be also considered that the outputs Q1 and Q2
of bit data specified by the control signal CB are equal
and difference caused by conversion with an input sig-
nal is reduced. At this time, if necessary, a signal except
a bit specified by the control signal CB may be also
changed so that difference caused by conversion with
an input signal is reduced.
[0071] In case the data of upper and lower adjacent
low order n bits are equalized unconditionally, display
data greatly varies, the great deterioration of image
quality may be also caused and to prevent this, any
processing is required. For example, in case the data of
an adjacent upper picture element is at a level 16 and
the data of the lower picture element is at a level 15, the
level 16 is represented as [1, 0, 0, 0, 0] (1 denotes a
subfield in which emission occurs and 0 denotes a sub-
field in which no emission occurs) in subfield represen-
tation depending upon the weight of emission of the
power of 2 and the level 15 is represented as [0, 1, 1, 1,
1]. At this time, suppose a case that one of two lines is
thinned out to be the same data in subfields equivalent
to low order four bits according to a procedure of a jump.
In this case, the low order four subfields [1, 1, 1, 1] of
the lower picture element 15 [0, 1, 1, 1, 1] is replaced
by the low order four subfields [0, 0, 0, 0] of the upper
picture element 16 [1, 0, 0, 0, 0]. As a result, a repre-
sented level is [0, 0, 0, 0, 0] and the picture element at
a level 15 originally becomes a level 0.
[0072] Conversely, when the low order four subfields
of the upper picture element 16 [1, 0, 0, 0, 0] are re-
placed using the low order four subfields [1, 1, 1, 1] of
the lower picture element 15 [0, 1, 1, 1, 1] to be the same,
the upper picture element at a level 16 originally be-
comes a level 31 [1, 1, 1, 1, 1].
[0073] The invention is first characterized in that to in-
hibit such extreme variation of a level and the occur-
rence of a flicker, a signal processing circuit that proc-
esses referring to signals of plural lines the low order
subfields of which are common so that the image quality
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is hardly deteriorated and predetermined subfield data
are equal is provided.
[0074] Further, the invention is second characterized
in that the image quality is improved by providing an in-
dependent control subfield in a group of common low
order subfields.
[0075] Next, referring to Fig. 9, an example of the op-
eration and the configuration of the processing circuit
202 provided inside the control bit smoothing circuit 200
shown in Fig. 8 will be described.
[0076] Fig. 9 is a block diagram showing an embodi-
ment of the processing circuit shown in Fig. 8.
[0077] As shown in Fig. 9, reference numbers 205 and
208 denote an adding circuit, 206 and 209 denote a sub-
tracting circuit, 207 denotes a quantizing circuit the char-
acteristic of which varies according to a control signal
CB from an external device, 210 denotes an independ-
ent bit adding circuit and 202 denotes a processing cir-
cuit.
[0078] Picture elements P1 and P2 adjacent in a ver-
tical direction input to the processing circuit 202 are in-
put to the adding circuit 205 and the subtracting circuit
206. In the adding circuit 205, P1 and P2 are added and
an average value f0 is calculated as shown in a mathe-
matical expression (1). In the subtracting circuit 206, P2
is subtracted from P1 and a value f1 based upon differ-
ence shown in a mathematical expression (2) is calcu-
lated.

[0079] "f1" is input to the quantizing circuit 207 and is
converted to f1'. The quantizing circuit 207 processes
so that a low order bit specified by the control signal CB
is '0'.
[0080] "f0" generated in the adding circuit 205 is add-
ed to a signal f1' the desired low order bit of which is
converted to 0 by the control signal CB in the adding
circuit 208 and is output as converted output O1. In the
subtracting circuit 209, f1' is subtracted from f0 and is
output as converted output O2.
[0081] Operation by the adding circuit 208 and the
subtracting circuit 209 is shown in a mathematical ex-
pression (3) and a mathematical expression (4).

[0082] As low order n bits of f1' are 0, low order n bits
of f0 are output as an equal value as they are for the
respective low order n bits of O1 and O2 acquired by

f0 = (P1 + P2)/2 (1)

f1 = (P1 - P2)/2 (2)

O1 = f0 + f1' (3)

O2 = f0 - f1' (4)

adding or subtracting f0/from f0. That is, the respective
low order n bits of O1 and 02 are equalized. Strictly
speaking, as addition and subtraction have the equal re-
sult of calculation (operation according to binary nota-
tion) in a state without carrying and borrowing, the data
of a low order 'n+1'th bit can be converted so that it is
equal in O1 and O2. The average value (O1 + O2)/2 of
the outputs O1 and O2 at this time is always equal to
the average value f0 of inputs P1 and P2 and the aver-
age signal level of adjacent two lines can be always kept
the same. As an error caused by equalizing low order
bits is equally dispersed by (|f1 - f1'|) in both O1 and O2,
an error of conversion does not concentrate on a spe-
cific picture element and the mean square error of an
input image and the converted image can be minimized.
[0083] It is clear that in case f1 = f1', P1 = O1 and P2
= O2 without an error and it is determined based upon
a characteristic of quantization from f1 to f1' by the quan-
tizing circuit 207 how many low order bits are com-
monized.
[0084] After all low order bits equivalent to a group of
low order subfields are converted in the above-men-
tioned processing so that those bits for adjacent two
lines are equal, Q1 and Q2 are input to the independent
bit adding circuit 210 and are output as Q1 and Q2 to
which a predetermined independent bit is added.
[0085] Information EQ and RU based upon an error
of conversion when f1 is converted to f1' in a process of
quantizing processing are output from the quantizing cir-
cuit 207 to control the operation of the independent bit
adding circuit 210. The details of EQ and RU and the
operation of the independent bit adding circuit 210 will
be described later.
[0086] Owing to the above-mentioned configuration,
the deterioration of image quality depending upon bit da-
ta equivalent to a group of low order subfields is mini-
mized and in addition, low order bit data for adjacent two
lines can be commonized. As the operation of 1/2 can
be realized by rounding down low order bits, it is not
definitely shown, however, as shown in the mathemati-
cal express ions (1) and (2), the output of the adding
circuit 205 and the subtracting circuit 206 may be
halved. To reduce an error of rounding in operation, a
device connected to the adding circuit 208 and the sub-
tracting circuit 209 may also halve. The characteristic of
the quantization of the quantizing circuit 207 is control-
led according to a control signal CB and it can be con-
trolled according to setting of the control signal CB from
an external device how many low order bits are com-
monized.
[0087] It is conceivable that the average signal level
f0 of two lines is a low frequency component in the ver-
tical direction of an image and a value f1 based upon
difference between two lines is a high frequency com-
ponent in the vertical direction. The high frequency com-
ponent f1 in the vertical direction becomes 0 in a subfield
equivalent to a low order bit by the quantizing circuit 207
and only the low frequency component of f0 is included.
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Hereby, the low order subfield is limited to a low frequen-
cy component the vertical resolution of which is only f0
and display in a state in which the number of data in the
address control period is thinned out (the same data is
simultaneously addressed) can be made.
[0088] The resolution information of a specific sub-
field equivalent to a desired bit can be limited by dividing
into plural vertical frequency components, selecting a
bit to be added or subtracted by the quantizing means
and synthesizing again as described above and hereby,
the first characteristic of the invention to reduce the ad-
dress control period can be acquired.
[0089] Next, referring to Figs. 10 and 11, the addition
of an independent control subfield which is a second
characteristic of the invention and the effect will be de-
scribed.
[0090] Figs. 10A to 10D show a state of bits of each
signal output to terminals O1, O2, Q1 and Q2 shown in
Fig. 9. As shown in Figs. 10, each signal is constituted
of k bits (k = 8 in Figs. 10), MSB (a bit k- 1) is located
on the left side and MSB (a bit 0) is located on the right
side.
[0091] Fig. 10A shows the output O1 of the adding cir-
cuit 208 and Fig. 10B shows the output O2 of the sub-
tracting circuit 209. Low order n bits (n = 5 in Figs. 10)
are processed so that those in O1 and O2 are equal ac-
cording to the setting of the quantizing circuit 207.
[0092] Figs. 10C and 10D show the outputs Q1 and
Q2 of the independent bit adding circuit 210 shown in
Fig. 9 and a bit α is added as an independent bit. The
position of the bit α is set to any of a bit 0 to a bit n-2.
(In Figs. 10, α = 3 and the bit α is equivalent to a low
order fourth bit.) Figs. 11 are explanatory drawings for
explaining the principle of reducing the deterioration of
image quality by the added independent bit. Fig. 11A
shows input picture elements P1 and P2 vertically adja-
cent and input to the processing circuit 202 shown in
Fig. 9 and shows a part of a signal having gentle slope.
Fig. 11B shows the output O1 of the adding circuit 208
shown in Fig. 9 and the output O2 of the subtracting cir-
cuit 209, and both O1 and O2 are converted to the av-
erage value f0 of P1 and P2 by quantizing f1' to zero by
processing in the quantizing circuit 207. Fig. 11C shows
the outputs Q1 and Q2 of the independent bit adding
circuit 210, Q1 and Q2 are not at the same level by the
addition of the independent bit but difference in a level
equivalent to the αth power of 2 can be made. To mini-
mize a mean square error caused by conversion, 1/2 of
the difference of the αth power of 2 has only to be equally
distributed to Q1 and Q2 as shown in Fig. 11C and here-
by, the average value of Q1 and Q2 is equal to the av-
erage value f0 of P1 and P2.
[0093] Display output signals Q1 and Q2 can be made
at a level close to the original images of P1 and P2 by
above-mentioned processing and there is effect of in-
hibiting the deterioration of image quality. The location
of the independent control bit α can be controlled ac-
cording to a control signal CB from an external device,

the configuration including subfields simultaneously ad-
dressed by the same data for two lines and a subfield
independently controlled in units of line is suitably set
and an image the quality of which is hardly deteriorated
can be always displayed.
[0094] Next, referring to Fig. 12, an example of the
concrete configuration of the independent bit adding cir-
cuit 210 shown in Fig. 9 will be described.
[0095] Fig. 12 is a block diagram showing an embod-
iment of the independent bit adding circuit shown in Fig.
9.
[0096] As shown in Fig. 12, a reference number 211
denotes a logic inverting circuit, 212a and 212b denote
a switching circuit, 212c denotes a bus switching circuit,
213 denotes a low order bits processing circuit and 210
denotes the independent bit adding circuit. O1 [n] shown
in Fig. 12 denotes a single signal of a bit n (an (n + 1)th
bit from LSB, however, the bit may be 0) of a picture
element O1 and O1 [n:m] denotes (n - m + 1) pieces of
bus signals from the bit n of the picture element O1 to
a bit m. Another signal name is also similar. Of input
pixel signals O1 and O2, the respective high order inde-
pendent bits of O1 [k - 1 : α + 1](in this case, n = k - 1 ,
m = α + 1) and O2 [k - 1 : α + 1] are output as the high
order bits Q1 [k - 1 : α + 1] and Q2 [k - 1: α + 1] of Q1
and Q2 as they are. The quantizing circuit 207 shown
in Fig. 9 outputs two types of control signals EQ and RU
generated according to the amount of an error caused
when processing for quantizing f1' based upon f1 is ex-
ecuted and these two signals are input to the independ-
ent bit adding circuit 210.
[0097] The control signal EQ is a logic signal which
has a value of 1 in case an error of conversion from f1
to f1' is relatively small, concretely, when the following
mathematical expression (5) is met, the control signal
EQ is at a high level and in other case, it is at a low level.

However, (0 <δ< [α power of 2]).
[0098] The control signal RU is a logic signal which
has a value of 1 when an error of conversion from f1 to
f1' is relatively large and f1' is converted so that it be-
comes large, concretely, when the control signal RU
meets the following mathematical expression (6), it is at
a high level and in other case, it is at a low level.

However, (0 < δ < [α power of 2]).
[0099] "δ" is a threshold for determining whether an
independent control bit is added or not and as a minute
level varied by the independent control bit is [the (α - 1)
power of 2], the maximum effect is acquired when an
error 6 of quantization is [the (α - 1) power of 2]. There-
fore, 6 may be (0 < δ < [α power of 2]), however, to pre-

+δ > (f1' - f1) > -δ (5)

(f1' - f1) ^ δ (6)
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vent excess correction, it is desirable that 6 is in a range
from [the (α - 2) power of 2] to [the (α - 1) power of 2].
[0100] Further, for a concrete example, 6 = [(α - 1)
power of 2] x 0.7. In case EQ = 1 in Fig. 12 (in this case,
RU = 0), the switching circuits 212a and 212b are re-
spectively switched to the side of a high level and com-
monized bits O1 and O2 [α:0] are output as a low order
bit Q1 [α:0] of Q1 and a low order bit Q1 [α:0] of Q2 as
they are via the switching circuits 212a, 212b and 212c.
This shows that in case an error of conversion in the
quantizing circuit 207 is small, output is made as it is
without adding an independent bit.
[0101] In case EQ = 0 and RU = 1 as shown in Fig.
12, the switching circuits 212a to 212c are respectively
switched to the side of a low level, RU (=1) is inverted
in the inverting circuit 211 and Q1 ([α] = 0) is output via
the switching circuit 212a. RU (= 1) is output as the in-
dependent bit of Q2 ([α] = 1) as it is via the switching
circuit 212b. For the low order Q1 [α - 1 : 0], a signal
processed in the low order bits processing circuit 213 is
output via the switching circuit 212c. The details of the
operation of the low order bits processing circuit 213 will
be described later.
[0102] A case that EQ = 0 and RU = 1 means a case
that f1' is converted to a larger value, compared with f1,
at this time, O1 calculated based upon (f0 + f1') is con-
verted to a larger value than an original image P1 and
O2 calculated based upon (f0 - f1') is converted to a
smaller value than an original image P2. Then, an error
with each original image can be corrected by turning Q1
[α] as an independent bit to 0 and turning Q2 [α] to 1 so
that the error becomes smaller.
[0103] As shown in Fig. 12, in case EQ = 0 and RU =
0, the switching circuits 212a to 212c are respectively
switched to the side of a low level, RU (= 0) is inverted
in the inverting circuit 211 and Q1 ([α] = 1) is output via
the switching circuit 212a. RU (= 0) is output as an in-
dependent bit of Q2 ([α] = 0) as it is via the switching
circuit 212b. For the low order Q1 [α - 1 : 0], a signal
processed in the low order bits processing circuit 213 is
output via the switching circuit 212c.
[0104] A case that EQ = 0 and RU = 0 means a case
that f1' is converted to a smaller value, compared with
f1, at this time, O1 calculated based upon (f0 + f1') is
converted to a smaller value than the original image P1
and O2 calculated based upon (F0 - f1') is converted to
a larger value than the original image P2. Then, an error
with each original image can be corrected by turning Q1
[α] as an independent bit to 1 and turning Q2 [α] to 0 so
that the error becomes smaller.
[0105] By the above-mentioned operation, the inde-
pendent bits Q1 [α] and Q2 [α] are corrected according
to the control signals EQ and RU from the quantizing
circuit 207 so that an error with each original image be-
comes smaller and the deterioration of image quality
can be reduced.
[0106] Fig. 13 shows truth values of the operation of
the independent bit adding circuit 210 shown in Fig. 12

for the control signals EQ and RU.
[0107] Fig. 13 shows the logic operation of the inde-
pendent bit adding circuit. O1 [α] and O2 [α] respectively
shown in Fig. 13 show that input O1 [α] and O2 [α] are
output as Q1 [α] and Q2 [α] as they are. In Fig. 13, '1'
denotes that Q1 or Q2 is a little increased and '0' de-
notes that Q1 and Q2 are unchanged.
[0108] When the independent control bits Q1 [α] and
Q2 [α] are operated, O1 [α] and O2 [α] which are the
same signal (0, 0) or (1, 1) are converted to (0, 1) or (1,
0) as Q1 [α] and Q2 [α]. At this time, as the average
value of Q1 and Q2 is increased or reduced by [the (α
- 1) power of 2], compared with the average value of O1
and O2, the low order bits processing circuit 213 cor-
rects. Fig. 15 is a truth table of the low order bits process-
ing circuit 213.
[0109] The control signal EQ is a signal which be-
comes 1 when an error of quantization in the quantizing
circuit 207 is in a range of ±δ and the control signal RU
is a signal which becomes 1 when an error of the quan-
tization is +δ or more. Therefore, as it is impossible that
EQ = 1 and RU = 1, the input is inhibited in Fig. 13.
[0110] The position α of the independent bit is con-
trolled by the control signal CB shown in Fig. 9. A thresh-
old 6 showing whether the independent bit is added or
not is also set together with the value of α.
[0111] Next, referring to a block diagram shown in Fig.
14 and the truth table shown in Fig. 15, the operation of
the low order bits processing circuit 213 shown in Fig.
12 will be described.
[0112] Fig. 14 is a block diagram showing an embod-
iment of the low order bits processing circuit shown in
fig. 12. As shown in Fig. 14, a reference number 214
denotes an exclusive-OR (EXOR) circuit, 215 denotes
a logic inverting circuit, 216a to 216d denote a switching
circuit and 213 denotes a low order bits processing cir-
cuit. The path representation of a signal and the repre-
sentation of each bit are similar to those in Fig. 12. The
low order bits processing circuit 213 is provided to cor-
rect that the average value of Q1 and Q2 increases or
decreases by [the (α - 1) power of 2], compared with the
average value (also equal to the average of inputs P1
and P2) of O1 and O2 when O1 [α] and O2 [α] which
are the same signal (0, 0) or (1, 1) are converted to (0,
1) or (1, 0) as Q1 [α] and Q2 [α] as described above. As
low order bits of (α - 1) and the following processed in
the low order bits processing circuit 213 are converted
to an equal value between O1 and O2 and between Q1
and Q2, they can be processed by one system of
processing circuit. To simplify notation, O1 [α - 1] and
O2 [α - 1](both are equal) are represented as O [α - 1],
and Q1 [α - 1] and Q2 [α - 1](both are also equal) are
represented as Q [α - 1]. As O1 [α] and O2 [α] are also
equally converted, they are represented by O [α].
[0113] Referring to the truth table shown in Fig. 15,
the operation will be described below.
[0114] Fig. 15 shows the logic operation of the inde-
pendent bit adding circuit. In Fig. 15, O[α] is 1, O [α - 1]
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is 0, in case Q1 [α] and Q2 [α] are independently con-
verted to (1, 0) or (0, 1), either of Q1 [α] or Q2 [α] is 0
though O1 [α] and O2 [α] are both 1 and the average
value of Q1 and Q2 decreases by [the (α - 1) power of
2]. To correct this, Q [α - 1](O [α - 1]) is converted from
0 to 1. Hereby, the average value of Q1 and Q2 can be
increased by [the (α - 1) power of 2], as a whole, the
average value of Q1 and Q2 can be equalized to the
average value (also equal to the average of the inputs
P1 and P2) of O1 and O2 and the deterioration of image
quality can be reduced.
[0115] Similarly, in case O [α] is 0, O[α - 1] is 1, and
Q1 [α] and Q2 [α] are independently converted to (1, 0)
or (0, 1), either of O1 [α] or O2 [α] becomes 1 through
they are both 0 and the average value of Q1 and Q2
increases by [the (α - 1) power of 2]. To correct this, Q
[α - 1](O [α - 1]) is converted from 1 to 0. Hereby, the
average value of Q1 and Q2 can be reduced by [the (α
- 1) power of 2] and as a whole, the average value of
Q1 and Q2 can be equalized to the average value (also
equal to the average of the inputs P1 and P2) of O1 and
O2.
[0116] Further, in case O [α] is 0, O [α - 1] is 0, and
Q1 [α] and Q2 [α] are independently converted to (1, 0)
or (0, 1), either of Q1 [α] or Q2 [α] becomes 1 through
O1 [α] and O2 [α] are both 0 and the average value of
Q1 and Q2 increases by [the (α - 1) power of 2]. To cor-
rect this, Q [α - 1] has only to be converted from 1 to 0,
however, as O [α - 1] is already 0, the average value of
Q1 and Q2 cannot be reduced by [the (α - 1) power of
2] by simple bit operation. Then, to approach processing
for reducing by [the (α - 1) power of 2] possibly, all bits
of Q [α - 2 : 0] are converted to 0. Hereby, the average
value of Q1 and Q2 can approach the average value
(also equal to the average of the inputs P1 and P2) of
O1 and O2 possibly.
[0117] Similarly, in case O [α] is 1, O [α - 1] is 1, and
Q1 [α] and Q2 [α] are independently converted to (1, 0)
or (0, 1), either of Q1 [α] or Q2 [α] becomes 0 through
O1 [α] and O2 [α] are both 1 and the average value of
Q1 and Q2 decreases by [the (α - 1) power of 2]. To
correct this, Q [α - 1] has only to be converted from 0 to
1, however, as O [α - 1] is already 1, [the (α - 1) power
of 2] cannot be added by simple bit operation. Then, in
place of processing for adding [the (α - 1) power of 2]
possibly, all bits of Q [α - 2 : 0] are converted to 1. Here-
by, the average value of Q1 and Q2 can approach the
average value (also equal to the average of the inputs
P1 and P2) of O1 and O2 possibly.
[0118] In case the independent bits Q1 [α] and Q2 [α]
are operated by above-mentioned operation, the aver-
age value of Q1 and Q2 can be also always substantially
equal to the average value (also equal to the average
of the inputs P1 and P2) of O1 and O2 and hereby, the
deterioration of image quality can be reduced.
[0119] To explain in an example of the configuration
of a concrete circuit, as shown in Fig. 14, it is detected
in the exclusive-OR (EXOR) circuit 214 whether O [α]

and O [α - 1] are equal or not. In case O [α] and O [α -
1] are not equal, the output of the exclusive-OR (EXOR)
circuit 214 is at a high level and all the switching circuits
216a to 216d are switched to the side of a high level as
shown in Fig. 14. At this time, O [α - 1] is inverted by the
logic inverting circuit 215 and is output as Q [α - 1] via
the switching circuit 216a. The low order bits of O [α -
2 : 0] are output as Q [α - 2 : 0] as they are via the switch-
ing circuits 216b to 216d.
[0120] In case O [α] and O [α - 1] are equal, the output
of the exclusive-OR (EXOR) circuit 214 is turned at a
low level and all the switching circuits 216a to 216d are
switched to the side of a low level as shown in Fig. 14.
Hereby, the values equal to O [α - 1] of all signals of Q
[α - 1 : 0] are output via the switching circuits 216a to
216d.
[0121] It is clear that according to such configuration,
the truth table shown in Fig. 15 can be realized and when
an independent control bit is operated by such a low or-
der bits processing circuit 213, the average value of dis-
played Q and Q2 can be also substantially equal to the
average value of the original images P1 and P2.
[0122] In the embodiments shown in Figs. 4, 5 and
10, only one subfield is independently controlled in a
group of low order subfields, however, the invention is
not limited one and plural subfields may be also inde-
pendently controlled. The particle of noise caused by the
diffusion of an error may be also finely controlled simi-
larly as in prior art by independently controlling a sub-
field equivalent to a bit 4 or 5 according to this embod-
iment and independently controlling a bit equivalent to
the least significant subfield.
[0123] According to the invention, the address control
period of a predetermined subfield is reduced and this
time can be allocated to the improvement of image qual-
ity in luminance, gradation and a pseudo contour.
[0124] As high order subfields including the most sig-
nificant subfield are addressed every line as heretofore
and a group of low order subfields having relatively small
weight of emission is simultaneously addressed for two
lines using the same data, the deterioration of image
quality can be reduced.
[0125] Further, the quality of display can be further im-
proved by providing a subfield independently addressed
every line in a part of the group of low order subfields.
[0126] In case high-luminance display is realized, the
number of data is thinned out in many subfields, the ac-
quired time is allocated to the sustention period, how-
ever, in the case of high-definition display though the
luminance is low, the image quality suitable for the con-
tents of an image and the purpose of a user can be re-
alized by reducing subfields in which data is thinned out
or by not thinning data out.
[0127] High quality display where the deterioration of
image quality is hardly striking can be realized by divid-
ing an input picture signal into vertical frequency com-
ponents, limiting display resolution information and re-
ducing time for controlling a lighted picture element.
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[0128] Further, in case subfields simultaneously ad-
dressed for two lines using the same data exist, a con-
version error caused by the compression of the address
control period can be dispersed substantially equally by
equalizing the average value of two lines of a display
signal to the average value of two lines of an input signal
possibly and the deterioration of image quality can be
reduced.
[0129] As described above, according to the inven-
tion, the address control period of a predetermined sub-
field is reduced and this time can be allocated to the
improvement of image quality in luminance, gradation
and a pseudo contour.
[0130] Even if the address control period is reduced,
the deterioration of image quality can be reduced by ad-
dressing high order subfields including the most signif-
icant subfield every line as heretofore and simultane-
ously addressing a group of low order subfields having
relatively small weight of emission for two lines using
the same data.
[0131] In case subfields simultaneously addressed
for two lines using the same data exist, a conversion
error caused by the compression of the address control
period can be substantially equally dispersed by equal-
izing the average value of two lines of display signal to
the average value of two lines of an input signal possibly
and the deterioration of image quality can be reduced.

Claims

1. A display, comprising,

to divide a picture element of a screen into plu-
ral subfields, light the picture element and dis-
play an image, a first subfield simultaneously
addressed for plural lines and a second subfield
independently addressed every line are provid-
ed,
wherein picture elements in a vertical direction
of plural lines simultaneously addressed in the
first subfield are included in the same display
information; and
in the second subfield, in case difference be-
tween the display information and the display
information of an original image is larger than
a predetermined value, an independent bit is
added to the display information.

2. A display in a subfield mode in which an addressed
picture element of a screen is lighted and an image
is displayed, comprising:

a picture signal processing circuit that process-
es an input picture signal by conversion in a
subfield including the least significant subfield
the weight of emission of which is the smallest
and provided with a limiting circuit that limits the

display resolution information of a subfield in
which plural lines are simultaneously ad-
dressed and an independent bit adding circuit
that releases the limit of the display resolution
information of a subfield in which each line is
independently addressed; and
a driving circuit that addresses and lights a pic-
ture element of the screen based upon the out-
put of the picture signal processing circuit,
wherein:

the screen is driven by the driving circuit
in a state that an address period in which a light-
ed picture element of the screen is selected is
reduced in a subfield the display resolution in-
formation of which is limited and an image cor-
responding to the input picture signal is dis-
played.

3. A display according to Claim 2, wherein:
the limiting circuit limits display resolution by

selecting and synthesizing display resolution infor-
mation divided into plural frequencies.

4. A display according to Claim 3, wherein:
the limiting circuit multiplies the selected fre-

quency component by an equal coefficient and adds
or subtracts.

5. A display according to Claim 2, wherein:
the limiting circuit and the independent bit

adding circuit can control a subfield in which an ad-
dress period is reduced and a subfield in which the
limit of display resolution information is released ac-
cording to setting from an external device.

6. A display according to Claim 2, wherein:
the independent bit adding circuit converts a

pair of lines when an address period is reduced in
a subfield in which plural lines are simultaneously
addressed so that the average value of two lines of
an input signal and the average value of two lines
of a display signal are substantially equal.

7. A display according to Claim 2, wherein:
a subfield in which the limit of display resolu-

tion information is released is a subfield related to
the gradation display of a fourth or fifth bit from the
least significant bit when 256 gradations (8 bits) are
normalized.

8. A display according to Claim 2, wherein:
the independent bit adding circuit adds an in-

dependent bit to the output of the limiting circuit in
case difference between the output of the limiting
circuit and the display resolution information of an
original image is larger than a predetermined value.

9. A display according to Claim 2, wherein:
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the independent bit adding circuit adds an in-
dependent bit to the output of the limiting circuit in
case difference between the output of the limiting
circuit and the display resolution information of an
original image is larger than a predetermined value
and adds no independent bit in case the difference
is equal to/smaller than the predetermined value.

10. A display in a subfield mode in which an addressed
picture element of a screen is lighted and an image
is displayed, comprising:

a screen where the picture elements are ar-
ranged on plural lines;
a picture signal processing circuit that converts
an input picture signal to subfield data showing
lighting and unlighting in each subfield includ-
ing the least significant subfield the weight of
emission of which is the smallest and provided
with a limiting circuit that limits the display ver-
tical resolution information of a subfield in
which plural lines are simultaneously ad-
dressed and an independent bit adding circuit
that releases the limit of the display vertical res-
olution information of a subfield in which each
line is independently addressed;
a control circuit that controls the address period
of a subfield having bit data; and
a driving circuit that addresses and lights a pic-
ture element of the screen based upon the out-
put of the picture signal processing circuit and
the control circuit, wherein:

an address period in a subfield in which
plural lines of the screen are simultaneously ad-
dressed is controlled, a picture element having
bit data is driven and an image is displayed.

11. A display according to Claim 10, wherein:
the limiting circuit limits display vertical reso-

lution by selecting and synthesizing display vertical
resolution information divided into plural frequen-
cies.

12. A display according to Claim 11, wherein:
the limiting circuit multiplies the selected fre-

quency component by an equal coefficient and adds
or subtracts.

13. A display according to Claim 10, wherein:
the limiting circuit and the independent bit

adding circuit can control a subfield in which an ad-
dress period is reduced and a subfield in which the
limit of display vertical resolution information is re-
leased according to setting from an external device.

14. A display according to Claim 10, wherein:
the independent bit adding circuit converts a

pair of lines when an address period is reduced in

a subfield in which the plural lines are simultane-
ously addressed so that the average value of two
lines of an input signal and the average value of two
lines of a display signal are substantially equal.

15. A display according to Claim 10, wherein:
a subfield in which the limit of display vertical

resolution information is released is a subfield re-
lated to the gradation display of a fourth or fifth bit
from the least significant bit when 256 gradations (8
bits) are normalized.

16. A display according to Claim 10, wherein:
the limiting circuit processes referring to input

signals to adjacent plural lines.

17. A display according to Claim 10, wherein:
the limiting circuit processes referring to input

signals to adjacent two lines.

18. A display according to Claim 10, wherein:
the independent bit adding circuit adds an in-

dependent bit to the output of the limiting circuit in
case difference between the output of the limiting
circuit and the display vertical resolution information
of an original image is larger than a predetermined
value.

19. A display according to Claim 10, wherein:
the independent bit adding circuit adds an in-

dependent bit to the output of the limiting circuit in
case difference between the output of the limiting
circuit and the display vertical resolution information
of an original image is larger than a predetermined
value and adds no independent bit in case the dif-
ference is equal to/smaller than the predetermined
value.

20. An image displaying method of dividing an ad-
dressed picture element of a screen into plural sub-
fields, lighting the picture element and displaying an
image, comprising:

a step for providing a first subfield in which plu-
ral lines are simultaneously addressed and a
second subfield in which each line is independ-
ently addressed;
a step for including picture elements in a verti-
cal direction of plural lines simultaneously ad-
dressed in the first subfield in the same display
resolution information; and
a step for adding an independent bit to display
resolution information in the second subfield in
case difference between the display resolution
information and the resolution information of an
original image is larger than a predetermined
value.
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21. An image displaying method in a subfield mode for
lighting an addressed picture element of a screen
and displaying an image, comprising:

a picture signal processing step for including
the least significant subfield the weight of emis-
sion of which is the smallest, limiting the display
resolution information of a subfield in which plu-
ral lines are simultaneously addressed, adding
an independent bit to the display resolution in-
formation of a subfield in which each line is in-
dependently addressed and releasing the limit
and processing an input picture signal such as
conversion in a subfield; and
a driving step for addressing and lighting a pic-
ture element of the screen based upon the out-
put of the picture signal processing step,
wherein:

the screen is driven and an image corre-
sponding to an input picture signal is displayed
in a state that an address period in which a light-
ed picture element of the screen is selected is
reduced in a subfield in which the display res-
olution information is limited.

22. An image displaying method in a subfield mode of
lighting an addressed picture element of a screen
and displaying an image, comprising:

a picture signal processing step for including
the least significant subfield the weight of emis-
sion of which is the smallest, limiting the display
vertical resolution information of a subfield in
which plural lines are simultaneously ad-
dressed, adding an independent bit to the dis-
play vertical resolution information of a subfield
in which each line is independently addressed
and releasing the limit and converting an input
picture signal to subfield data showing lighting
and unlighting in each subfield;
a control step for controlling the address period
of a subfield having bit data; and
a driving step for addressing and lighting a pic-
ture element of the screen based upon the out-
put of the picture signal processing step,
wherein:

an address period in a subfield in which
plural lines of the screen are simultaneously ad-
dressed is controlled, a picture element having
bit data is driven and an image is displayed.

23. An image displaying method according to Claim 22,
wherein:

in case display vertical resolution information
is limited, processing is performed referring to input
signals on adjacent plural lines.

24. An image displaying method according to Claim 22,

wherein:
in case display vertical resolution information

is limited, processing is performed referring to input
signals on adjacent two lines.
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